Objective: Although studies have shown reductions in mortality from AIDS after the introduction of combination antiretroviral treatment (cART), little is known about cause-specific mortality in low-income settings in the cART era. We explored predictors of AIDS and non-AIDS mortality and compared cause-specific mortality across highincome and low-income settings in the Asia-Pacific region.
Introduction
In settings where antiretroviral drugs and healthcare are available, mortality has declined substantially among individuals with HIV infection since combination antiretroviral treatment (cART) was introduced [1-7]. The decline can largely be attributed to reduced AIDS deaths [8, 9] . Despite this, mortality rates remain higher in individuals with HIV infection than in the general population [6, [10] [11] [12] [13] , reflecting an increasing proportion of deaths from non-AIDS diseases [2, 9, [14] [15] [16] [17] and possibly toxicity from prolonged exposure to cART [18] [19] [20] [21] .
The shift in importance from AIDS to non-AIDS morbidity and mortality in HIV-infected populations has largely been documented in high-income settings to date, although recent evidence suggests a similar transition is underway in middle-income settings where cART is available [15] . In low-income settings, mortality rates have been shown to be higher in the first months of cART compared with high-income settings, with similar mortality rates by 6-12 months [22] . It is plausible, then, that mortality outcomes beyond 1 year of cART may be similar in low-income and high-income settings where cART is available. There are, however, other factors that may influence outcomes over the longer term. Fewer treatment options, limited access to and affordability of healthcare and the background burden of other important diseases, such as tuberculosis and viral hepatitis, may lead to different long-term mortality outcomes in lowincome settings.
In this study, we describe cause-specific mortality in highincome and low-income settings where cART is available in the Asia-Pacific HIV Observational Database. Our primary aim was to investigate rates and predictors of AIDS and non-AIDS mortality within a competing risks framework, and secondarily, to compare AIDS and non-AIDS mortality between high-income and low-income settings in our study population. We hypothesized that markers of advanced HIV disease would best predict AIDS mortality, whereas age and possibly co-infection with hepatitis B/C virus (HBV/HCV) would be associated with non-AIDS mortality. We expected a similar risk of AIDS and non-AIDS mortality in highincome and low-income settings after adjustment for important predictors of cause-specific mortality.
Methods

Study population
The Australian HIV Observational Database (AHOD) and the TREAT Asia HIV Observational Database (TAHOD) are observational clinical cohort studies of patients with HIV infection in Australia and countries in Asia and the Pacific region, respectively. As part of the International Epidemiologic Databases to Evaluate AIDS initiative, these databases are combined to form the Asia-Pacific HIV Observational Database. TAHOD is based on the same methodology as AHOD and methods for both studies have been described in detail elsewhere [23, 24] . Briefly, data for AHOD are collected from 27 clinical sites throughout Australia, including hospitals, sexual health clinics and general medical practices. Prospective data collection commenced in 1999, with retrospective data provided where available. Written, informed consent is obtained from all patients recruited to AHOD at the time of enrolment. In TAHOD, data are collected from 17 clinical sites in Asia and the Pacific region. Prospective data collection for TAHOD commenced in 2003, with retrospective data provided where available. Written consent was not a requirement of sites in TAHOD unless required by the site's local ethics committee because data are collected in an anonymous form. Ethical approval for both AHOD and TAHOD was obtained from the University of New South Wales, Sydney, Australia, and all other relevant institutional review boards. All AHOD and TAHOD study procedures were developed in accordance with the revised 1975 Helsinki Declaration.
Data for both AHOD and TAHOD are transferred electronically to the National Centre in HIV Epidemiology and Clinical Research (NCHECR) every March and September and include the same set of core variables. All data are subject to standardized quality control procedures.
We included all patients recruited to AHOD and TAHOD by 31 March 2007, who commenced cART (three or more antiretroviral drugs in combination) after 1 January 1996 and had at least one follow-up visit. All data were anonymous and analysed centrally at the NCHECR.
Outcome
The primary endpoint was mortality from AIDS and non-AIDS causes. Initially, only date of death was reported in AHOD. From 2001, cause of death (COD) was collected by the AHOD study coordinator via direct contact with relevant study sites. A standardized COD form based on the Data collection on adverse events of anti-HIV Drugs (D:A:D) cohort study original COD form [21] was introduced to AHOD study sites in mid-2002 and TAHOD when the study commenced in 2003. In 2005, the more detailed CoDe case report form (CRF) for coding causes of death (www.cphiv.dk/CoDe) was introduced in both cohorts. Following a death, the CoDe CRF is completed by a clinician at the study site, with details of autopsy reports provided where relevant. After a CoDe CRF is received by the study coordinators, it is reviewed by an independent HIV specialist clinician at the NCHECR who determines the primary and secondary causes of death. In cases where inadequate information is provided to determine the COD, the study coordinator contacts personnel at the study site for further information. Patients are classified as having an unknown COD if no further information is obtained.
The primary underlying COD was used in this analysis. It was classified as AIDS or non-AIDS related using a modified version of the revised 1993 CDC case definition for AIDS [25] , excluding CD4 cell counts less than 200 cells/ml. Deaths from non-AIDS causes were further categorized into the following: cardiovascular disease (CVD) related, liver related, non-AIDS cancers, (un)natural (including suicide, overdose and trauma), bacterial infection related and other/unknown (Table 1) .
Statistical analysis
Follow-up was calculated from the start date of cART, or the date of cohort enrolment when cART initiation was identified retrospectively, until death or the most recent follow-up visit. Lost to follow-up was defined as no clinic visit in the 12 months prior to 31 March 2007 (cohort censoring date). Patients lost to follow-up were censored at their last clinic visit. We used an intent-to-continue treatment approach and ignored any changes to, interruptions or termination of, treatment after baseline.
The cumulative incidences of all categories of causes of death were calculated within a competing risks framework for each of the income-cohort groups [26] .
We investigated predictors of AIDS and non-AIDS mortality using multivariate Cox proportional hazards models, taking into account competing risks [8, 27, 28] . First we created a stacked dataset with repeat observations for AIDS and non-AIDS mortality. An administrative censoring time (31 March 2007) was then created for each patient who died of a COD that was not the COD of interest (the date the patient was otherwise presumed to have been alive at). Patients who died after the cohort censoring date were also censored at this date. Baseline covariates included in the univariate analysis were age, sex, income-cohort group, HIV exposure, time since first positive HIV test, HBV co-infection, HCV co-infection, HIV viral load, prior AIDS, mono/dual therapy prior to cART and duration of prior cART exposure at cohort enrolment. Study sites were classified as low or high income if they were located in low-income to lowermiddle-income or upper-middle-income to highincome countries, respectively, as per 2007 World Bank country income classifications [29] . HBV co-infection was defined as the detection of HBV surface antigen ever. HCV co-infection was defined as the detection of HCV antibody ever. Baseline CD4 cell count and HIV viral load were based on a single measure in the 6 months prior to baseline, closest to the baseline date. All viral load measures less than 400 copies/ml were replaced with the value 399 copies/ml because more sensitive assays were not uniformly available throughout the study period. CD4 cell count and calendar year were also included as time-dependent covariates. Covariates with a P value less than 0.10 were considered in the multivariate analysis. Two multivariate models were built to compare the effect of adjusting for CD4 cell count at baseline (model 1) and as a time-dependent covariate (model 2). The forward stepwise method was used, using the log-likelihood ratio statistic to assess contribution to the model. A two-sided P value less than or equal to 0.05 was considered statistically significant. Missing data were included as a separate category in all analyses, except for tests for trend (ordinal categorical covariates) or tests for homogeneity (nominal categorical covariates) in which they were excluded. We evaluated the effect of income-cohort setting on AIDS and non-AIDS mortality by adjusting the income-cohort variable for significant covariates in the above models.
Sensitivity analyses were also conducted where: unknown causes of death (n ¼ 29) were classified as AIDS deaths, sites with less than 80% follow-up were excluded, sites with more than 25% of deaths classified as unknown were excluded, patients with mono/dual therapy prior to cART were excluded, the earliest baseline date was set to 1 January 2003 (when cohort recruitment commenced in TAHOD) and every second time-dependent CD4 cell count was excluded in AHOD to approximate the frequency of measurements in TAHOD.
Data were analysed using Stata version 10 (Stata Corporation, College Station, Texas, USA).
Results
A total of 4252 patients were included in these analyses; 1594 from AHOD (high income), 1101 from TAHOD sites in high-income countries and 1557 from TAHOD sites in low-income countries. The median age in AHOD was 41 years [interquartile range (IQR) 35-49], 38 years (IQR 33-46) in the TAHOD high-income group and 36 years (IQR 31-42) in the TAHOD low-income group ( Table 2) . Ninety-four percent of patients in AHOD were men compared with 81 and 65% in TAHOD high-income and low-income groups, respectively. Heterosexual contact was the primary HIV exposure at low-income TAHOD sites (80%) and accounted for over half of infections at high-income TAHOD sites. In contrast, homosexual contact (with or without injecting drug use) was the most common HIV exposure in AHOD (74%). A total of 215 of the 4252 patients died during follow-up; 89 died from AIDS, 97 from non-AIDS causes and 29 from unknown causes.
Cumulative incidences
In all income-cohort groups, AIDS was the most common COD ( Fig. 1a-c ). In the TAHOD low-income group, the cumulative incidence for other/unknown causes was similar to AIDS ( Fig. 1c ); 19 of these 21 deaths were of unknown cause (Table 1 ). In AHOD, non-AIDS cancers had the second highest cumulative incidence, followed by cardiovascular disease-related and liver-related causes. The cumulative probability of dying from non-AIDS COD by 3 years follow-up was low in the TAHOD high-income and low-income groups.
Predictors of AIDS and non-AIDS mortality
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Association between income-cohort group and AIDS and non-AIDS mortality
There was no significant difference in the risk of AIDS or non-AIDS mortality between the income-cohort groups on the univariate analysis, except for a marginally lower risk of non-AIDS mortality in the TAHOD high-income group compared with AHOD (hazard ratio 0.56; 95% CI 0.32-0.99) ( Fig. 2a ). When unknown COD were classified as AIDS deaths, both TAHOD high-income and low-income groups had a lower risk of non-AIDS mortality than AHOD and the risk of AIDS mortality was higher in TAHOD low-income sites (hazard ratio 1.55; 95% CI 0.99-2.41) ( Fig. 2b) . Adjustment for significant covariates in model 1 and model 2 had a broadly similar effect across all sensitivity analyses; it reduced the risk of AIDS mortality in the TAHOD low-income group, but had little effect on the risk of non-AIDS mortality (Fig. 2 ). Recoding unknown COD as AIDS deaths resulted in little difference between AHOD and TAHOD in terms of AIDS mortality in the adjusted analyses ( Fig. 2b ). Exclusion of every second time-dependent CD4 cell count in AHOD also slightly increased the hazard ratio for the TAHOD low-income group in model 2 (Fig. 2g ).
Discussion
In patients who started cART in the Asia-Pacific region, immunodeficiency (as indicated by CD4 cell count) was associated with non-AIDS mortality, although to a lesser extent than AIDS mortality. Older age was also associated with an increased risk of non-AIDS mortality. Other risk factors traditionally associated with AIDS remained important predictors of AIDS mortality in the cART era. Although the risk of dying from AIDS decreased over the study period, this was largely due to differences in CD4 cell count over time. We found a lower risk of dying from non-AIDS causes in high-income Asian countries compared with Australia, but no difference in AIDS mortality between the two settings. Less conclusive was Our finding that immunodeficiency is related to non-AIDS mortality in a diverse clinical population in the Asia-Pacific region is consistent with previous studies in high-income settings [9, 13, [30] [31] [32] [33] [34] . It also parallels previous studies of morbidity in patients with HIV infection in which immunodeficiency has been associated with non-AIDS cancers [35, 36] . In this study, sample size limited us from further investigating the relationship between immunodeficiency and more specific non-AIDS COD in the Asia-Pacific region.
The association between older age and non-AIDS mortality in our study is also consistent with other studies of non-AIDS morbidity and mortality in highincome settings [18, 21, 30, 34, 36] . This finding reflects the ageing nature of HIV-affected populations in the cARTera and possible drug-related toxicities. Despite this demographic transition and shift in the treated history of HIV disease, patients who present with risk factors traditionally associated with AIDS remain at higher risk of AIDS mortality in the cART era [32] . Consistent with previous reports of declining AIDS mortality in the cART era [9, 14] , we observed an almost 70% reduction in the risk of dying from AIDS between 1999-2001 and 2005-2007 in our study. This was largely explained by differences in CD4 cell count over time. As AHOD and TAHOD are relatively closed cohorts, this study is not ideal to investigate the association between calendar year and mortality.
Contrary to our hypothesis, we did not find any significant associations between viral hepatitis co-infection and non-AIDS mortality in our study. This may, in part, be due to limited statistical power. It may also be a consequence of under ascertainment of HBV and HCV co-infections in TAHOD. Missing values for hepatitis test results in TAHOD may reflect low testing rates despite the relatively high prevalence of HBV and HCV in Asia [37, 38] . In contrast, patients without hepatitis test results recorded in AHOD were generally not tested because they had no known risk factors and were, therefore, presumed negative.
The overall follow-up rates in each of the income-cohort groups in our study were relatively high, although there were lower rates of follow-up at some sites. Similar to other HIV cohorts [22] , lower rates of follow-up were observed at low-income sites, which may have led to under ascertainment of deaths in this setting. To assess the effect of follow-up rates, we performed a sensitivity analysis to exclude sites with follow-up rates less than 80%. This analysis yielded similar results for both AIDS and non-AIDS mortality.
The most important limitation of our study was the relatively large proportion of unknown COD at TAHOD low-income sites. To explore their effect on our results, we performed various sensitivity analyses. First, we assumed that patients with AIDS were more likely to be under close surveillance prior to death and classified unknown COD as non-AIDS deaths. In this scenario, there was no difference in AIDS mortality between the different income-cohort groups and TAHOD highincome sites had a lower risk of non-AIDS mortality than AHOD. Unexpectedly, adjustment for CD4 cell count (baseline or time-dependent), HIV viral load and prior AIDS led to a decreased risk of AIDS mortality in the TAHOD low-income group compared with AHOD. This was only partly accounted for by differences in the frequency of CD4 cell count measurements in AHOD and TAHOD. In a second scenario, we grouped unknown COD as AIDS deaths on the basis that the average last CD4 cell count prior to death in patients with other/unknown COD at TAHOD low-income sites was low and comparable to that in the AIDS death group. In this analysis, the TAHOD low-income group had an increased risk of AIDS mortality compared to AHOD, which decreased after adjustment for significant covariates in the predictor models. This was more in line with the expected direction of any cause-specific mortality differences between the income-cohort groups. Further, TAHOD low-income sites had a lower risk of non-AIDS mortality than AHOD, comparable with that at TAHOD high-income sites. The same pattern was observed for non-AIDS mortality when sites with more than 25% of deaths classified as unknown were excluded.
Other limitations of this study include enrolment of patients into AHOD and TAHOD after they started cART and inclusion of patients with mono/dual therapy experience prior to starting cART in this analysis. To address these limitations, we included duration of cART exposure prior to cohort enrolment and mono/dual therapy prior to cART as covariates in the competing risks model; neither variable was significantly associated with mortality from AIDS or non-AIDS causes in the final model. We also conducted a sensitivity analysis excluding patients with mono/dual therapy experience prior to cART, of which the vast majority were from AHOD. In this analysis, the risk of non-AIDS mortality was similar in all income-cohort groups.
The introduction of a new, standardized COD form in AHOD in 2002 may have led to differential misclassification bias for specific COD between the periods 1999-2002 and 2003-2007. To investigate whether the change in data collection affected our results, we conducted a sensitivity analysis with the baseline date set to 1 January 2003. We found similar results, suggesting the new COD form had little effect on the classification of COD into the broader categories of AIDS and non-AIDS causes used in our analysis.
This study has several strengths. To our knowledge, this is the first study to report mortality outcomes beyond 12 months of cART in low-income and high-income settings internationally. Further, we believe this is the first study to investigate mortality from AIDS vs. non-AIDS causes in low-income and high-income settings during the cARTera. The use of competing risks methods in our analysis enabled simultaneous comparison of risk factors for AIDS and non-AIDS mortality and was less likely to overestimate mortality [32] , both of which are advantages over standard survival methods. Finally, use of data from two observational cohort studies founded on the same methodology is a major strength of our study, reducing the likelihood that methodological differences can explain the findings.
In summary, improved immunological outcomes are likely to reduce mortality from both AIDS and non-AIDS causes in patients with HIV infection, although this needs to be evaluated in large clinical studies. The increased risk of non-AIDS mortality with age highlights the importance of managing risk factors for other chronic diseases in patients with HIV infection in the cART era. We found some indication of a lesser risk of non-AIDS mortality at sites in high-income, and possibly low-income, countries
in Asia compared to Australia. The association between country-income level and AIDS mortality warrants further investigation and requires improved COD ascertainment in low-income settings. Finally, the results of our study can only be generalized to patients receiving cART in the Asia-Pacific region. Notably, those receiving cART represent only a small fraction of the overall number of individuals in need of treatment in lowmiddle-income countries in the Asia-Pacific region at this time [39] . 
